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Type-II Weyl semimetals have recently attracted intensive research interest because they host
Lorentz-violating Weyl fermions as quasiparticles. The discovery of type-II Weyl semimetals evokes
the study of type-II line-node semimetals (LNSMs) whose linear dispersion is strongly tilted near
the nodal ring. We present here a study on the circularly polarized light-induced Floquet states in
type-II LNSMs, as well as those in hybrid LNSMs that have a partially overtilted linear dispersion
in the vicinity of the nodal ring. We illustrate that two distinct types of Floquet Weyl semimetal
(WSM) states can be induced in periodically driven type-II and hybrid LNSMs, and the type of
Floquet WSMs can be tuned by the direction and intensity of the incident light. We construct
phase diagrams of light-irradiated type-II and hybrid LNSMs which are quite distinct from those
of light-irradiated type-I LNSMs. Moreover, we show that photoinduced Floquet type-I and type-II
WSMs can be characterized by the emergence of different anomalous Hall conductivities.
I. INTRODUCTION
Topological semimetals represent a new class of topo-
logical matter, which is characterized by a gapless bulk
with a nontrivial band topology. A Weyl semimetal
(WSM) is a kind of topological semimetal that supports
Weyl fermions as low-energy excitations. According to
the electronic band structures, WSMs can be divided
into three distinct types: a type-I WSM that has a point-
like Fermi surface1–4, a type-II WSM whose Fermi sur-
face consists of an electron pocket and a hole pocket
touching at the Weyl nodes5,6, and a hybrid WSM in
which one Weyl node belongs to type I whereas its chi-
ral partner belongs to type II7. Earlier research inter-
ests were mainly concentrated on type-I WSMs since real
type-I WSM materials had been theoretically proposed3,4
and experimentally confirmed in inversion-symmetry-
breaking TaAs-class crystals8–11. When Lorentz invari-
ance is broken, Weyl cones may be tipped over and trans-
formed into type II. Recently, promising materials such
as MoTe2 and WTe2 have been proposed to be type-II
WSMs5,12–17, and experimental confirmations of MoTe2
have been reported18,19. Additionally, it was reported
that we can convert TaAs and WTe2 into hybrid WSMs
by doping with magnetic ions and creating magnetic or-
ders in them7.
Another kind of topological semimetal is the so-called
line-node semimetal (LNSM). Unlike WSMs in which the
conduction band touches the valence band at discrete
points in momentum space, in LNSMs the conduction
band and the valence band touch along lines. In anal-
ogy to WSMs, according to the tilting degree of the
band spectra around the nodal rings, LNSMs can also be
classified into type-I, type-II, and hybrid categories. To
date, type-I LNSMs have been intensively studied both
theoretically20–35 and experimentally27,34–39, however,
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research on type-II LNSMs is just beginning40–45. The
very recent angle-resolved photoemission spectroscopy
measurements on Mg3Bi2 suggest it to be a promising
candidate material for a type-II LNSM46. As far as we
know, the hybrid LNSM, characterized by a partially
overtilted linear dispersion in the vicinity of the nodal
ring, has yet to be proposed and studies are lacking.
Type-I LNSMs exhibit intriguing physical phenomena
such as a three-dimensional (3D) quantum Hall effect33,
3D flat Landau levels47, n1/4 dependence of the plas-
mon frequency on the charge concentration in the long-
wavelength limit48,49, and a quasitopological electromag-
netic response50. Owing to peculiar band spectra, type-II
and hybrid LNSMs are expected to display more intrigu-
ing phenomena.
Application of light offers a powerful method to manip-
ulate electronic states, and even change the band topol-
ogy in solids51–54. A typical example is the Floquet topo-
logical insulator55–57, which is a direct consequence of
changing the band topology by means of light. Moreover,
photoinduced topological states in other two-dimensional
systems, such as graphene58–61 and silicene62, have been
studied. Recently, light-driven semimetals have at-
tracted much attention63–76. It was found that a Floquet
WSM phase can be generated from a light-driven Dirac
semimetal due to time-reversal symmetry breaking63–66.
Later, it was shown that circularly polarized light can
drive a type-I LNSM into a WSM, accompanied by pho-
tovoltaic anomalous Hall conductivity66–70. A Floquet
WSM phase with multi-Weyl points was also proposed
in crossing LNSMs71–73.
In this paper, we present a systematic study on Flo-
quet states in periodically driven type-II [Fig. 1(a3)] and
hybrid [Fig. 1(a2)] LNSMs by means of light. We show
that Floquet WSMs can be created by applying circu-
larly polarized light. When the incident light propagates
along the x axis or along the z axis, a type-II LNSM
is converted into a type-II WSM [Figs. 1(b3) and 1(d3)],
while for a driven hybrid LNSM, depending on the tilt di-
rection, the photoinduced Floquet WSM could be of type
I [Fig. 1(b2)] or type II [Fig. 1(d2)]. When the applied
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2light propagates along the y axis, only the positions of the
nodal rings change [Figs. 1(c2) and 1(c3)]. Surprisingly,
by rotating incident light on the x-z plane, both type-I
and type-II WSMs can be realized by tuning the driving
angle and amplitude [Figs. 1(e2) and 1(e3)]. For the sake
of comparison, we also give the Floquet states of driven
type-I LNSMs by circularly polarized light [Figs. 1(a1)-
1(e1)] which show different features from those of type-
II and hybrid LNSMs. We summarize all the results in
three distinct phase diagrams in (AL, ψ) space, where AL
and ψ are the amplitude and the incident angle, respec-
tively. Lastly, by use of the Kubo formula, the anomalous
Hall effect of photoinduced Floquet WSMs is also inves-
tigated.
II. MODEL
To study periodically driven LNSMs, we start with a
simple two band model of LNSMs with a single nodal
ring. The model Hamiltonian of undriven LNSMs is writ-
ten as28,29,66,77
H0 = cik
2
i σ0 +
(
m0 −mik2i
)
σz + vykyσy, (1)
where m0,mi(i = x, y, z) and ci are model parame-
ters, vy is the velocity along the y-axis, ki are the crys-
tal momenta, σi are Pauli matrices and σ0 is the iden-
tity matrix. We use Einstein’s summation convention
that repeated indices indicate the summation is implied.
This model respects both the time-reversal and inver-
sion symmetries, thus can be applied to spinless LNSM
systems28,29,77. The eigenvalues are obtained by diago-
nalizing the Hamiltonian (1),
E0± (k) = cik
2
i ±
√
(m0 −mik2i )2 + v2yk2y. (2)
Under the band inversion condition m0,x,y,z > 0, a
nodal ring appears along an ellipse defined by mxk
2
x +
mzk
2
z = m0 at ky = 0. The nodal ring is located at
k0 =
(√
m0/mxCθ, 0,
√
m0/mzSθ
)
, where Cθ = cos θ,
Sθ = sin θ, and θ is the polar angle shown in Fig. 1(a1).
Linearizing the eigenvalues around the nodal ring we get
the energy dispersion
E0± (q = k− k0) = w · q±
√
(ξxqx + ξzqz)
2
+ ξ2yq
2
y
= T (q)± U (q) , (3)
where ξ2x = 4m0mxC
2
θ , ξ
2
y = v
2
y, ξ
2
z = 4m0mzS
2
θ , and
w = 2
(
cxCθ
√
m0/mx, 0, czSθ
√
m0/mz
)
. The first T
term of Eq. (3) describes the tilt of the energy dispersion,
and the second U term of Eq. (3) denotes the splitting
of the energy band. Around point k0 on the nodal ring,
we obtain a two dimensional Dirac cone when the small
vector q is confined on the transverse plane formed by
the inplane normal line to the nodal ring and the line
FIG. 1. (Color online) Schematics of driven type-I, hybrid,
and type-II LNSMs. (a) Nodal rings of undriven LNSMs. (b)
and (d) correspond to the case where the incident light trav-
els along the x axis and z axis, respectively. The dots colored
with red (or green) denote type-I (or II) Weyl nodes. Nodal
rings are gapped out and Weyl nodes are created along the
propagation direction of light. (c) The incident light along
the y axis only shifts the nodal rings. (e) The light prop-
agates on the x-z plane, with ψ defining the incident angle
away from the z axis. Nodal rings are gapped out and pairs
of Weyl nodes appear along the propagation direction. We
label the Weyl nodes with blue color as their type depends on
the model parameters, the incident angle and the strength of
light. The dashed lines in (b)-(e) correspond to nodal rings
in the undriven cases.
3along the ky axis. From Eq. (3), we can see that the tilt
is most effective when q is along the direction of normal
vector kn = (mxk0x,mzk0z), then the tilt radio can be
defined by5,42
Fθ =
∣∣∣∣∣T (kˆn)U(kˆn)
∣∣∣∣∣ =
∣∣∣∣ cxC2θ + czS2θmxC2θ +mzS2θ
∣∣∣∣ , (4)
where kˆn = kn/|kn| is the normal unit vector on the
kx−kz plane. The nodal ring is of type-I when Fθ < 1 for
all the values of θ, and of type-II when Fθ > 1 for all the
values of θ. At the intersection points between the nodal
ring and the x-axis, the tilt ratios are F0,pi = |cx/mx|.
For the intersection points between the nodal ring and
the z-axis, the tilt ratios become Fpi/2,3pi/2 = |cz/mz|.
When |cx/mx| > 1, |cz/mz| > 1, and cxcz > 0, it is easy
to find that Fθ is always greater than 1, then the system
is a type-II LNSM [Fig. 1(a3)]. While for |cx/mx| < 1
and |cz/mz| < 1, Fθ is always smaller than 1, then the
system is a type-I LNSM [Fig. 1(a1)]. For the rest cases,
depending on θ, Fθ on the nodal ring may be greater or
smaller than 1, we call it a hybrid LNSM [Fig. 1(a2)].
The above analytical results can be illustrated more
clearly by plotting the bulk spectra in Figs. 2(a)-2(c).
As shown in Fig. 2(a), the tilt is weak, the band touch-
ing forms a type-I nodal ring. In Fig. 2(c), the tilt is
strong enough such that both bands radiate the same di-
rection, and their intersection makes a type-II nodal ring.
Figure 2(b) shows band spectrum for a hybrid LNSM, we
can see that the tilt ratio Fθ is smaller than 1 near the
kz-axis, and the ratio Fθ is greater than 1 near the kx-
axis.
III. FLOQUET STATES
To study the interaction of LNSMs with light, we
consider a time-dependent vector potential A (t) =
A (t+ T ), which is a periodic function with a period of
T = 2pi/ω. The driven Hamiltonian H (t) is obtained by
using the Peierls substitution, k→ k−A(t). In this pa-
per, we focus on the low-energy physics of LNSMs near
the nodal ring. Making use of Floquet theory78–80 in the
high-frequency limit, the periodically driven system can
be described by a static effective Hamiltonian as81–87
Heff = H0,0 +
[H0,−1, H0,1]
~ω
+O
(
A4L
)
, (5)
where ω and AL describe the frequency and amplitude of
light, and Hm,n =
1
T
∫ T
0
H(t)ei(m−n)ωtdt are the discrete
Fourier components of the Hamiltonian.
A. Light propagating along the x axis
When a light propagates along the x axis, A is given
by A = AL (0, cosωt, η sinωt), where η = ±1 indicates
FIG. 2. (Color online) (a)-(c) are the energy spectra of un-
driven type-I, hybrid, and type-II LNSMs with (a) |cx/mx| =
|cz/mz| < 1, (b) |cx/mx| > 1 and |cz/mz| < 1, and (c)
|cx/mx| = |cz/mz| > 1, where we take ky = 0. (d)-(f) are
the energy spectra of Floquet WSMs in light-driven type-I,
type-II, and hybrid LNSMs along the x axis.
the chiralities of the circularly polarized light. From Eq.
(5), the Floquet correction is
∆Hx = −A
2
L
2
(my +mz)σz − Lmzkzσx, (6)
with L = 2ηA2Lvy/(~ω). We obtain a term coupling the
momentum kz and σx, which gaps out the nodal ring
except at two Weyl points ±k0 = (±
√
m˜0/mz, 0, 0) with
m˜0 = m0−A2L (my +mz) /2. Linearizing the eigenvalues
of Hamiltonian around k0, we have the energy dispersion
E± (q) =
2cx
√
m˜0√
mx
qx ±
√
4m˜0mxq2x + (Lmzqz)
2
+ v2yq
2
y
= T (q)± U(q), (7)
where q = k − k0. The energy dispersion near −k0 is
E± (q) = −T (q)± U(q). The band is tilted along the x
axis, and then the tilt ratio of the Weyl points is given
4by
Fx =
∣∣∣∣T (qx)U (qx)
∣∣∣∣ = cxmx . (8)
Interestingly, the type of the pair of Weyl nodes only
depends on the ratio cx/mx and has nothing to do with
the intensity and the frequency of the applied light.
The results above show that when light traveling along
the x axis gaps out the nodal ring and leaves a pair of
Weyl nodes, the system enters into a WSM phase. How-
ever, the type of the Weyl nodes is independent of the in-
tensity and the frequency of the incident light, which im-
plies that a type-II Floquet WSM state arises by driving
the type-II LNSM with light along the x axis [Fig. 1(b3)]
since cx/mx > 1 for the type-II LNSM. For the driven
hybrid LNSM, the type of induced Weyl nodes depends
on the specific value of cx/mx [Fig. 1(b2)], that is to say,
a type-I WSM state arises if cx/mx < 1 and a type-II
WSM state appears if cx/mx > 1.
The bulk band spectra of the driven hybrid LNSM with
cx/mx > 1 and the driven type-II LNSM are shown in
Figs. 2(e) and 2(f), respectively. It can be seen that the
type-II Weyl nodes are separated along the propagation
direction of the incident light, as predicted. For compar-
ison, we also plot the band spectrum of the driven type-I
LNSM [Fig. 2(d)] showing the type-I Weyl nodes, which
were revealed in previous studies67–70.
B. Light propagating along the y axis
When the incident light propagates along the y axis, A
is given by A = AL (η sinωt, 0, cosωt), and it produces
the following correction,
∆Hy = −A
2
L
2
(mx +mz)σz. (9)
The correction term can be absorbed in the second
term of Eq. (1) by renormalizing the parameter m0 →
m0 − A2L (mx +mz) /2. It means that the incident light
propagating along the y axis only shifts the nodal rings
instead of gapping them out [Figs. 1(c1)-1(c3)].
C. Light propagating along the z axis
For light propagating along the z axis, we have A =
AL (cosωt, η sinωt, 0). Then the effective Hamiltonian
gains additional terms,
∆Hz = −A
2
L
2
(mx +my)σz + Lmxkxσx. (10)
In this case, the light gaps out the nodal ring except
at two Weyl points ±k0 = (0, 0,±
√
m˜′0/mz) with m˜
′
0 =
m0−A2L (mx +my) /2, which is similar to the case of light
propagating along the x axis. Linearizing the eigenvalues
of Hamiltonian around k0, we have the energy dispersion
E± (q) =
2cz
√
m˜′0√
mz
qz ±
√
4m˜′0mzq2z + (Lmxqx)
2
+ v2yq
2
y
= T (q)± U(q). (11)
Thus the tilt ratio is
Fz =
∣∣∣∣T (qz)U (qz)
∣∣∣∣ = czmz . (12)
We can conclude that, in the presence of light propagat-
ing along the z axis, a LNSM evolves into a WSM with
a pair of Weyl nodes separated along the propagating di-
rection. The type of Weyl nodes is only determined by
the ratio cz/mz [Figs. 1(d1)-1(d3)].
D. Light propagating on the x-z plane
We rotate the propagation direction of the
incident light on the x-z plane with A =
AL (Cψ cosωt, η sinωt,−Sψ cosωt), where Cψ = cosψ,
Sψ = sinψ, and ψ defines the incident angle off the z
axis. When ψ = 0, the propagation direction is along
the z axis, which is just the case in Sec. III C. When
ψ = pi/2, the incident direction is along the x-axis,
which is the case discussed in Sec. III A. For generic ψ,
the light induces the following Floquet correction,
∆Hxz = −A
2
L
2
(
C2ψmx +my + S
2
ψmz
)
σz
+ L (Cψmxkx − Sψmzkz)σx. (13)
The second term of Eq. (13) is proportional to σx, giving
rise to a pair of Weyl nodes at
± k0 = ±
(√
mz
mx
Sψ, 0,
√
mx
mz
Cψ
)√
m˜′′0
C2ψmx + S
2
ψmz
,
(14)
where m˜′′0 = m0 − A2L
(
C2ψmx +my + S
2
ψmz
)
/2. Using
the same procedure in Secs. III A and III C, the tilt ratio
of the Weyl nodes can be expressed as
Fψ =
λ2x + λ
2
z√
L2P 21 + 4mxmzm˜
′′
0P
2
2 /K
, (15)
where P1 = Cψmxλx − Sψmzλz, P2 = Sψλx + Cψλz,
and K = mxC
2
ψ + mzS
2
ψ. We can see that, in this case,
the tilt ratio depends on the intensity, frequency, and
incident angle of the light, which is quite different from
previous cases in which the type of induced Weyl nodes is
only determined by the parameters of the original Hamil-
tonian of LNSMs. This allows us to control the type of
Floquet WSMs by tuning the intensity and incident angle
of the applied light [Figs. 1(e1)-1(e3)]. It implies that we
5FIG. 3. (Color online) Phase diagrams of driven LNSMs in the (AL, ψ) phase space. The color bar indicates the tilt ratio Fψ.
The phase boundaries are marked by the dashed lines, corresponding to Fψ = 1. The model parameters are taken to be (a)
−cx = cy = cz = 3.5 eV A˚2, (b) −cx = cy = 3.5 eV A˚2 and cz = 4.5 eV A˚2, (c) cx = cy = 4.5 eV A˚2 and cz = 8 eV A˚2. The
common parameters are mx = my = mz = 4 eV A˚
2
, m0 = 1 eV, vy = 1 eV A˚, and ~ω = 0.1 eV.
can have a type-I Floquet or a type-II WSM by driving
a type-II LNSM with an appropriate light.
Figures 3(a)-3(c) show the phase diagrams in (AL, ψ)
space for driven type-I, hybrid, and type-II LNSMs ob-
tained by monitoring the tilt ratio of the Weyl nodes.
The phase diagrams show peculiar features for distinct
types of LNSMs. When the light intensity is weak, the
driven type-I LNSM [Fig. 3(a)] supports the type-I WSM
phase near ψ = 0, pi/2, and pi, and the type-II WSM
phase near ψ = pi/4 and 3pi/4. However, for the driven
hybrid LNSM, the type-I WSM phase only occupies a
small region near ψ = pi/2 in the phase diagram, and
the rest of the phase diagram is occupied by the type-
II WSM phase [Fig. 3(b)]. This is because we choose a
hybrid LNSM with cz/mz > 1 and cx/mx < 1. In con-
trast to the driven type-I and hybrid LNSMs, the driven
type-II LNSM hosts only the type-II WSM phase at weak
light intensity [Fig. 3(c)]. As the intensity increases, the
type-I WSM phase dominates the phase diagrams for all
types of driven LNSMs.
Now, we discuss the possibility of an experimental real-
ization of Floquet WSMs in periodically driven LNSMs.
Let us consider the realistic parameters vy = 0.6 eV A˚,
mx,y,z = 10 eV A˚
2
, and m0 ≈ 0.3 eV for a candidate
type-II LNSM material K4P3
42. We choose the photon
energy to be ~ω ≈ 150 meV, which is close to the typical
values in recent optical pump-probe experiments. The
amplitude of light AL for the onset of a type-I Floquet
WSM is about 0.05 A˚
−1
, and the corresponding elec-
tric field strength E0 = ~ωAL/e is 5 × 107 V/m, which
is within experimental accessibility51,52, while a type-II
WSM phase in the driven system can appear even at very
weak light intensity.
IV. PHOTOINDUCED ANOMALOUS HALL
EFFECT
The photoinduced phase transition from LNSMs to
WSMs is accompanied by an anomalous Hall effect since
time-reversal breaking WSMs exhibit nonzero, nonquan-
tized Hall conductivity2,88. In this section, we study
the photovoltaic anomalous Hall effect of Floquet WSM
states in driven LNSMs. We will concentrate on the case
in which the incident light propagates along the x axis.
The Weyl nodes are located along the x-axis, thus the
nontrivial component of Hall conductivity is σAHEzy , which
can be obtained by use of the Kubo formula58,69
σAHEzy = −i~e2
∫
d3k
(2pi)
3
∑
α6=β
f [F − Eβ (k)]− f [F − Eα (k)]
Eβ (k)− Eα (k)
× 〈ψα (k) |vz (k)|ψβ (k)〉 〈ψβ (k) |vy (k)|ψα (k)〉
Eβ (k)− Eα (k) + iδ ,
(16)
where f is the Fermi distribution function, vz,y (k) =
[∂H (k) /∂kz,y] /~ are the velocity operators along the z
and y axes, δ is an infinitesimal quantity, Eα (k) is the
αth band of the effective Hamiltonian, and ψα(k) is the
corresponding eigenvector. The anomalous Hall conduc-
tivity is easily obtained when the Fermi energy is located
at the Weyl nodes (F = 0) and the temperature is zero.
For ideal type-I WSMs, the anomalous Hall conductiv-
ity is σAHEtype-I = e
2Q/(hpi)21,89, where 2Q is the distance
between the Weyl nodes in momentum space. For type-
II WSMs, due to the strong tilt of the Weyl nodes, the
anomalous Hall conductivity is found to be related to the
tilt ratio90.
For arbitrary Fermi energy F and temperature T , the
anomalous Hall conductivity can be numerically calcu-
lated by using Eq. (16). As shown in Fig. 4, we calculate
the anomalous Hall conductivity in photoinduced Flo-
quet type-I and type-II WSMs, which correspond to the
6FIG. 4. (Color online) The anomalous Hall conductivity σAHEzy
as functions of the Fermi energy F and temperature T for (a)
the Floquet type-I WSM and (b) the Floquet type-II WSM.
The anomalous Hall conductivities σAHEzy as a function of the
temperature T at different Fermi energies F for (c) the type-
I WSM and (d) the type-II WSM. The common parameters
are mx = my = mz = 4 eV A˚
2
, m0 = 1 eV, vy = 1 eV A˚,
~ω = 0.1 eV, and AL = 0.3 A˚
−1
. The parameters for the
Floquet type-I WSM are cx = cy = cz = 2 eV A˚
2
, and for the
Floquet type-II WSM are cx = cy = cz = 8 eV A˚
2
.
case shown in Figs. 2(d) and 2(f), respectively. For the
Floquet type-I WSM at low temperatures [Fig. 4(a)], the
anomalous Hall conductivity reaches its maximum near
F = 0, and reduces at finite Fermi energies, whereas for
the Floquet type-II WSM at low temperatures [Fig. 4(b)],
the maximum value of the anomalous Hall conductivity
occurs at a Fermi energy F = −1 eV due to the im-
balance between the electron and hole pockets. Note
that, the Hall conductivity of the type-I Floquet WSM
is asymmetric with respect to the Fermi energy, which
is attributed to the weak tilt of the energy dispersion.
Because of the anisotropy of the band structure caused
by the strong tilt in the energy dispersion, σAHEzy in the
Floquet type-II WSM is highly asymmetric with respect
to the Fermi energy.
We plot the anomalous Hall conductivities of the Flo-
quet type-I and type-II WSMs as a function of the tem-
perature T with different Fermi energies in Figs. 4(c)
and 4(d). When the Fermi energy is located at the Weyl
nodes, i.e., F = 0, the Hall conductivity σ
AHE
zy for the
Floquet type-I WSM decreases with increasing temper-
ature, however, it increases as temperature increases for
the Floquet type-II WSM. When the Fermi energy is lo-
cated below the energy of Weyl nodes, F = −0.5 eV
for the type-I Floquet WSM and F = −1 eV for the
type-II Floquet WSM, σAHEzy decreases as the tempera-
ture increases. When the Fermi energy is located above
the energy of Weyl nodes F = 0.5 eV, σ
AHE
zy increases
as the temperature increases for both type-I and type-
II Floquet WSMs. It is necessary to point out that the
results are obtained in the low-temperature regime, and
we ignore the high-temperature case where σAHEzy finally
decreases to zero.
V. CONCLUSION
In this paper, we identify a different type of LNSM, a
hybrid LNSM, and investigate the effect of off-resonant
circularly polarized light on type-II and hybrid LNSMs
within the framework of Floquet theory. We show that
both of them can support photoinduced Floquet WSM
phases. Remarkably, we can manipulate distinct types
of WSM states by tuning the incident angle and ampli-
tude of light. Type-II and hybrid LNSMs, along with
type-I LNSMs, provide highly controllable platforms for
creating WSM states. We also study the anomalous Hall
effect of driven LNSMs, which can be used to characterize
different types of photoinduced LNSM-WSM transitions.
In comparison with other proposals for realizing artifi-
cial WSM phases, such as a magnetically doped topologi-
cal insulator multilayer89, driving LNSMs with circularly
polarized light is a promising alternative way to realize
distinct types of WSM phases without fine tuning, and
it does not introduce disorder. The Floquet WSM states
in periodically driven LNSMs are ready to be realized,
considering the Floquet-Bloch states have been success-
fully observed on the surface of the topological insulator
Bi2Se3 by the use of time- and angle-resolved photoemis-
sion spectroscopy51,52. The anomalous Hall effect asso-
ciated with Floquet WSMs can be detected by transport
measurements.
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